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Abstract: Two- or three dimensional hydronumerical models require complex initial and
boundary data. Water level elevation data along an open ocean boundary varies in space as
well as in time and is typically applied to an estuarine model. Reading model specific files
is the classic method for importing the data. If several independent models are used in parallel, each one will require its own file format or programmable interface. Although these
multimodel forecasts may deliver more reliable results, the additional effort raises the
threshold for accomplishing the work in a reasonable amount of time. The OpenMI compliant approach provides a standardized data import. Software components collaborate in an
integrated modelling system. One component reads the data, whereas another component,
the numerical engine, imports it. The Reader GEIWrapper contains a Generic Engine Interface (GEI), enabling the user to access various types of data formats with a single set of
methods. The format specific methods are encapsulated by the GEI. The component
WLDelft Wrapper includes the Delft3D numerical engine. Both wrappers have been migrated from existing software. The module accessing the initial data has also been integrated in the numerical model UnTRIM. This enables Delft3D and UnTRIM to import from
identical files and to employ the same methods thus simplifying their use in multimodel
applications.
The import into Delft3D works with a great variety of data and has turned out to be markedly comfortable. For example, spatial interpolation between the locations of the input files
and the model grid can be done automatically. The OpenMI environment supports temporal
interpolation as well.
Keywords: OpenMI; Delft3D; estuarine model; multimodel application

1.

INTRODUCTION

The processes simulated in estuarine hydronumerical models include water level elevation,
flow velocities, waves and salinity as well as sediment transport. The models require initial
data e.g. the distribution of salinity in the entire model area. Furthermore they import
boundary data, which may vary in space and time. Typical examples are the water level
elevation varying along an ocean boundary and total discharge at an upstream boundary.
The preparation of this data and its adaption to different numerical models may require
considerable effort.
The Open Modeling Interface (OpenMI) [Gregersen et al., 2007] is based upon the idea of
an integrated modelling system. Several models are connected by a unified linking mechanism. Although the linkage should work for all time based simulations, it aims at usage in
the water and possibly in the environmental domain. The OpenMI standard interface specification [Gijsbers et al., 2005] prescribes the concrete attributes. A software component that
fulfils these requirements is called a Linkable Component.
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Quantity and elementset are further central OpenMI terms. A quantity defines what has
been exchanged between models. The elementset offers information where or at which
locations these values have been exposed.
It is one objective of OpenMI to restrict the modellers’ freedom as little as possible. This
has lead to a flexible model definition. According to the standard a model is an entity that
provides and / or asks for data. Therefore, a reading component with data base functionality
is a model as well. Furthermore OpenMI aims at user friendliness. Some utilities and tools
have been added to the OpenMI environment. The OpenMI Configuration Editor, e.g. enables the generation and running of model configurations by mouse-click.

2.

INTEGRATION OF DELFT3D INTO THE WORK ENVIRONMENT

2.1 Workflow of hydronumerical models
The conclusion of a hydro-engineering expertise is not based on the model run alone, but
on input data and the interaction of the simulation itself with its pre- and postprocessing
(Figure 1). A complete work
environment for the numerical
model UnTRIM [Casulli et
PreGrid Generator
Preparation of e.g. measure data:
processing
al., 2002] already existed at
our institute, the BAW.
Grid
Initial
Boundary
Data
Data
When
integrating
the
numerical model Delft3D
[Lesser et al., 2004] into this
Reader
environment,
several
OpenMI
Simulation
alternatives for the import of
UnTRIM
incl.
Delft3D
…
initial and boundary data were
Reader
taken into consideration. An
offline
conversion
into
Delft3D specific file formats
D3Dresult
???result
would have meant redundant
offline conversion
storage of identical data. A
Postnew reader of proprietary
BDF
processing
BAW data specifically for
Delft3D would not have
Analysis
Visualisation
worked for other numerical
models. The BAW had a
Figure 1. Flow chart of preprocessing, simulation and
more generic approach in
postprocessing
mind, which should ensure
the re-use of already existing
and newly developed software components. Furthermore, a great variety of data should be
processable. These requirements were the main reasons for selecting the OpenMI. Secondly, the Reader could be used for any OpenMI compliant numerical model as indicated
by the rectangle designated “…” in the figure. All numerical models at the BAW use unified postprocessing methods which analyse complete time-series in the proprietary Binary
Data File (BDF) format.

2.2 Import by the Linkable Components GEIWrapper and WLDelft Wrapper
The OpenMI compliant import of the initial and boundary data into Delft3D occurs during
the simulation. Figure 2 displays the content of the dashed OpenMI rectangle from Figure 1
in more detail. Two Linkable Components have been developed. The GEIWrapper reads
the input data, whereas the WLDelft Wrapper accepts this data as an input for Delft3D. The
data flow from the first to the second component occurs by means of the methods provided
by the OpenMI environment.
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The development of the WLDelft Wrapper by WL | Delft Hydraulics (Deltares) and the
GEIWrapper by the BAW resulted from a close collaboration of both institutes. Existing
Fortran 90 code has been migrated into OpenMI compliant components
The Generic Engine
Interface (GEI) is
LinkableComponent
Linkable Component
Fortran90
Fortran90
C#
the core of the
classic
GEIWrapper.
It
Generic
WLDelft
GEI
GEI
Delft3DLinks
Engine
Wrapper
DotNet
Wrapper
FLOW
Readers
enables a generic
Interface
Access
…
access to several
file formats. Data in
Figure 2. Flow chart for the import by means of linking the
the BDF format, the
Linkable Components GEIWrapper and WLDelft Wrapper.
SELAFIN format of
the Telemac model
or in the netCDF format is on the lowest level accessed with specific classic Readers. Since
these components are encapsulated by the GEI, the external access works with a single set
of standardized methods. The user calls, for example, only one central GetValues-method
for “pulling” the data into the model. Implementing individual Fortran GetValues-methods
for each of the three formats mentioned above was a sizeable task. But the increased complexity is more due to BAW specific requirements than to OpenMI compliance. The internal structure of the Fortran 90 code was rearranged and extended. Internally object-oriented
modules represent the basic interfaces defined in the standard. These modules can be reused for further OpenMI compliant Fortran 90 engines. The GEI itself is more specific. Its
methods show parameters of intrinsic data types, simplifying the embedding in components
written in other languages. The final wrapping of the GEI with a C# component was comparatively easy. Again, object-oriented techniques lead to a set of only 17 methods, which
cover the required functionality. Though the final linking process is controlled by the .NET
technology (C#), the internal engine runs with unmanaged Fortran 90 code. The bridge
between both worlds is stable.
All requirements of this project were fulfilled by the OpenMI standard. Scalar and vector
values can be processed. The technique accepts ID-based as well as geo-referenced data.
For the latter OpenMI provides methods for spatial interpolation. The interface standard
allows geo-referenced data to be one-, two- or three dimensional. Though the GEIWrapper
mainly offers 2D data, it is used to run Delf3D in 2D as well as in 3D mode. The WLDelft
Wrapper has meanwhile been integrated into the Delft3D main development line.
Verification is conducted in three stages including unit testing. On the highest level the
complete import sequence is tested in the configuration editor. 40 test scenarios show that
the OpenMI compliant import is able to process a great variety of data.

3.

CATEGORIES OF IMPORTED DATA

3.1 Initial Data
Initial data for the estuarine models at the BAW is stored in the proprietary format ipds.dat
(Initial Physical DataSet). The io_ipds software package processes the values which can be
assigned to regions or to sampling points. The spatial interpolation to all vertices of the
underlying grid can be done with either of two interpolation methods. The first method
looks for the nearest sampling points in various sectors. The second employs a Delauny
triangulation. The OpenMI compliant import benefits from integrating these methods by
migration.
The following list displays the many faces of the imported initial quantities:
•

water level elevation

•

salinity

•

temperature

•

constituent

1088

P. Schade, et al. / OpenMI Compliant Import of Initial and Boundary Data into a Numerical 3D Model

•

depth

•

roughness

•

erosion / deposition parameters

•

sediment mass at the bottom

The initial salinity distribution in the
Ems Estuary (Figure 3) is based on
former simulations. The OpenMI
Configuration Editor controls the
communication between GEI- and
WLDelft Wrapper. The GEIWrapper
assigns the salinity values to the
vertices of the underlying initial data
grid. If the user selects in the data
accepting WLDelft Wrapper an elementset designated as “<provided>”,
the interpolation to the Delft3D grid
will be done automatically.

Figure 3. Initial salinity in the Ems Estuary.

3.2 Open Boundary Data
Open boundary data is time dependent. If necessary, a linear interpolation of the provided
date and time will be done. The GEIWrapper exposes the values on elementsets of type
XYPoint, which are vertices with x- and y-coordinates. The elementset of the WLDelft
Wrapper can be of a different element type, e.g. line, since the GEIWrapper takes care of
the type conversion. The model of the Ems Estuary is limited by two open boundaries to
the North Sea (Figure 4). Delft3D requires water level elevation and salinity as boundary
conditions at these elementsets “XYPoint-East” and “XYPoint-North”. The ElementSet
“AllLocations” delivers all open boundary vertices on the data providing side. By establishing a link from “AllLocations” to “XYPoint-East” each XYPoint is assigned to the nearest
XYPoint in “AllLocations”. The same procedure is done for “XYPoint-North”. A mapping
matrix is generated
according to which the
water level elevation is
transferred during the
computational phase.
The user has to
perform few mouseclicks in order to
assign the data. This
process has turned out
to
be
markedly
comfortable, whereas
the classic manual
assignment can be
time-consuming and
error-prone.
Figure 4. Import of complex water elevation boundary condiFurthermore,
the
tions by establishing two links in the OmiEd (top).
classic import is currently restricted to a
file size of 4 Gigabyte. If the import is done OpenMI compliant on the fly, only input data
of one or two time steps will be needed at a time. Thus OpenMI enables long-term simulations with periods of one year or longer.
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3.3

Free Surface Boundary Data

Meteorological quantities at the free
surface of a water body influence the
hydrodynamics. Most of the quantities
are globally constant. However, pressure
and wind are exposed on 2D fields at
XYPoints. The transient wind impact
becomes important for storm surge
forecasts. The BAW runs a model of the
North Sea (Figure 5), which reproduces
the high water values in the German
Bight during the All Saints’ Day storm
surge of 2006. The wind field is stored
on a coarse grid. WLDelft Wrapper
interpolates the data to the vertices of a
Delft3D grid with a higher resolution.
Again, it is a matter of establishing one
link in the OpenMI Configuration Editor.

Figure 5: 2D vector wind field over the
North Sea during the storm surge of
11/01/2006. By courtesy of DWD.

3. 4 Sources and Sinks
The Reader GEIWrapper offers sources and sinks on elementsets of type XYPoint. The
WLDelft Wrapper offers sources and sinks on elementsets of three different types. If the
user selects “<provided>” on the data accepting side, the discharges defined in the GEIWrapper will be implanted at the correct position in the Delft3D grid. Two cooling water
outlets of a power plant at the Elbe Estuary have been generated this way (Figure 6). BAW
simulations rarely include sources and if so, it is usually only a single source. In this case
the efficiency of the classic import via Delft3D specific files and the OpenMI compliant
import is nearly the same. OpenMI shows its excellence in more complex applications.

4.

MULTIMODEL APPLICATIONS

4.1 Introduction
The
reliability
of
computational results is
an intensively discussed
issue. Although a model
has
been
accurately
calibrated,
some
uncertainties remain. Is
the quality of the input
data high enough? Do the
equations reproduce the
physical processes? Is the
parameterization correct?
It is difficult to answer
these questions with a
single
simulation.
Multimodel applications
do not deliver a single
Figure 6. Implantation of two sources into a
solution but an ensemble
Delft3D grid by establishing a single link
of results. Analysing the
ensemble with stochastic
methods may result in more reliable forecasts. The term multimodel can refer to the use of
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various independent models with their individual approaches. It may as well mean that only
one numerical system is used but that input data and parameterization vary. Combining
both types is also possible. Originally, multimodel ensemble forecasts were used in the
meteorological and climate domain [Palmer et al., 2004]. The idea spread and ensembles
were amongst others used in morphodynamic simulations [Plüß et al., 2007].
Though this approach can provide the modeller a better insight, it does require a sizeable
effort. Especially running two or more independent models in parallel often means an individual pre- and postprocessing. With the standardized OpenMI interface the preprocessing
has to be done only once.

4.2 OpenMI and multimodel applications
We describe a hypothetical example in the following. The numerical engines UnTRIM and
Delft3D have been used according to this approach. UnTRIM imports its initial and boundary data directly from proprietary files. OpenMI and the GEIWrapper enable Delft3D to
access the identical
initial and boundary data
files.
Furthermore,
UnTRIM and Delft3D
use
the
same
interpolation
methods
for initial data, which
eliminates the import as
a possible cause for
different results. An
UnTRIM and a Delft3D
model of the Ems
Estuary give comparable
results. The impact of a
Figure 7. The maximum salinity (top) and the
man-made
salinity
Δ (maximum salinity) (bottom) along the
discharge is analysed.
Ems navigation channel.
Both models run in 3D
mode since salinity stratification may be possible. In order to raise the comparability, the
UnTRIM grid is a clone of the Delft3D grid. It has been converted from the original
Delft3D grid. The actual state of both models without source has been calibrated. Subsequently the salinity discharge with 2.78 m3/s and a concentration of 300 ppm has been set in
both models. According to Figure 1, the results of all four runs undergo the same postprocessing. A multitude of tidal characteristic numbers [Lang, 2008] can be computed. The
Figures 7 and 8 display tidal
characteristic numbers of salinity on
Ems profiles. The maximum salinity
diagram in Figure 7 shows that eight
grey curves for the eight tides are
calculated within the period of data
analysis. They form a band with the
black curve as the mean of these
maximum salinity values in their
midst. The Δ (maximum salinity)
diagram summarises the forecast for
the impact of the source on the mean
maximum salinity. UnTRIM and
Delft3D predict similar source
induced changes along the navigation
channel.
Figure 8. The minimum salinity (top) and the
The minimum salinity has been
Δ (minimum salinity) on a cross profile loanalysed on a cross profile located six
cated 6km upstream from the salinity source.
km upstream from the discharge
(Figure 8). The absolute Delft3D
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values in the upper diagram show only little variation in the actual state. The lower diagram
indicates that the impact of the salinity source, located at the northern bank, is for both
models stronger at this bank. A systematic deviation becomes visible towards the southern
bank. Delft3D predicts a higher difference between the values with and without salinity
source than UnTRIM. This means that water with higher and lower salinities mixes faster
in the Delft3D model. The parameter for horizontal diffusivity has most probably an impact
on this behaviour. More runs with changed parameterisation could support this hypothesis,
which would imply an additional multimodel ensemble.

5.

CONCLUSIONS AND RECOMMENDATIONS

Multimodel applications evaluate the quality of different models by comparing their results.
Reading from the same files has two effects. First of all, running two models in parallel
becomes easier. Secondly, the research into the functionality of a model is simplified, since
different results can not have been caused by different input data.
The methods for spatial and temporal interpolation, which are offered by the OpenMI environment, have made the interactive linking markedly user-friendly. Simple processes, such
as, e.g., importing data from a single source, do not benefit greatly from this technique. We
recommend these methods for data, which is transient and exposed at many locations. At
the BAW this mainly applies to data at open and free surface boundaries.
Importing data into a complex 3D model demonstrated the versatility of the OpenMI standard. Several file formats and data of different categories can be accessed with one component. The classic way of integrating numerical models into the workflow costs a sizeable
effort for each input format and each model. On the other hand, making a model or a reader
OpenMI compliant implies an overhead. But large portions of this work have to be done
only once. GEIWrappers as well as WLDelft Wrappers can be connected to other OpenMI
compliant models. Future applications will benefit from the knowledge acquired by developers and users.
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